Degenerative arthritis is a disease that affects the line cartilage of the knee joint. It causes severe pain in the joint and may require a replacement surgery of the affected knee with artificial components. The aim of this research was to study the distribution of contact stresses in prosthetic knee joints made out of polyethylene chopped carbon fibre composite and conventional polyethylene. Commercially available software (ANSYS 8.1) was used in numerical experiments. The effect of the sagittal radius, flexion angles and external load on stresses in the joint were investigated in numerical experiments. Results showed lower contact stresses in the tibial part of the polyethylene chopped carbon fibre composite artificial joint compared to the tibia made out of polyethylene.
Introduction
Degenerative arthritis of the knee joint is a disease that affects the line cartilage of the tibia and the femur. It causes severe pain and may require a replacement surgery of the affected knee with artificial components. Artificial joints should satisfy certain design requirements, i.e., they should be ergonomical and biocompatible. During activation, stresses are developed at the interface of joint, which in turn dictates the performance of the joint. The intensity of the stresses developed depends on several factors like, sagittal radius, flexion angle, material of tibia and femoral components and load acting on the bearing surface of the joint. To ensure the stress intensity, it is important to optimise the design of prosthetic knee joint. In this regard, FEM the most powerful numerical tool can be used to optimise the design. The sagittal radius is varied from 40-60mm and the flexion angles of 0 0 ,20 0 ,and 40 0 have been considered. The thickness of tibia was maintained constant and the materials used in the present investigation for analysis of joint are polyethylene and polyethylene chopped carbon fiber composite for tibia and alumina ceramic for femoral component [1] . The aim of the study is to investigate the impact of sagittal radius, flexion angle, load and materials of tibia on the stresses developed. 
Methods
The finite element method (FEM) is a widely used numerical technique to analyse stress-strain states in various biomedical devices and in prosthetic bone joints, in particular. Accurate geometric models of the tibial and femoral components of artificial knee joint were constructed using ANSYS software. Two dimensional diagrams of the femoral and tibia components of 40, 50 and 60 (mm) sagittal radius were generated and extruded in the z -axis [2] . Polyethylene and polyethylene chopped carbon fibre were used to model the tibia part, and alumina ceramic to model the femoral part of the joint. The finite element model was generated by meshing the solid model with 45 brick elements (Fig. 2) . The tibial component was constrained in all degrees of freedom at its lower surface. The femoral component was rigidly fixed. A compressive load was applied to the femoral component at the bearing points at different flexion angles. The applied load varied from 500 to 2667 (N) [1, 3] . The relaxed joint with different values of the sagittal radius to match the posterior conformity with the femoral component was evaluated. Stresses were analysed for different femoral-tibial alignment positions.
Results and discussion

Effect of sagittal radius on von Mises and maximum shear stress
An increase in the sagittal radius resulted in increase in the Von Mises and maximum shear stresses (Figs. 3, 4) . It did not depend on material properties under investigation. This could be attributed to the fact that an increase in the sagittal radius results in increase in the contact area that led to higher bearing pressure and higher stresses.
Effect of Flexion angle on von Mises stress and maximum shear stress
The von Mises stress increased with the rise in the flexion angle (Fig. 3) . This was due to the increase in the contact area. The maximum shear stress decreased with increase in the flexion angle (Fig. 4) . 
Effect of load and material properties on von Mises stress and maximum shear stress
An increase in the sagittal radius resulted in increased stress levels that correlated with the load level (Figs. 5, 6 ). It was observed that the polyethylene chopped carbon fiber composite material produced lower stresses in the artificial knee Maximum shear stress for different materials. 
Conclusion
The stresses level at the interface of the tibia and femoral is lower for polyethylene chopped carbon fibre and alumina ceramic combination compared to polyethylene and alumina ceramic.
